Nine bacterial strains were isolated from Thai fermented fish by the standard dilution technique using JCM no. 377 medium. The rod shaped isolate was identified as Virgibacillus dokdonensis while isolates 
INTRODUCTION
Lipases (Triacylglycerol acylhydrolase, EC 3.1.1.3) are serine hydrolases thatcatalyze the hydrolysis of triglycerides to diacylglycerides, monoglycerides and fatty acids under aqueous conditions (Ghasemi et al. 2011) . They are of commercial importance given their wide usage in industry. Lipases are produced by microorganisms (bacteria and fungi), plants and animals. However, microbial lipases, especially from bacteria, are more useful than their plant and animal derivatives because of several important properties (Snellman et al. 2002) . Many microorganisms in the genera Acinetobacter, Bacillus, Burkholderia, Idiomarina, Marinobacter, Natronococcus, Pseudomonas and Staphylococcus have been reported to produce lipase (Boutaiba et al. 2006; Gayathri et al. 2013; Li et al. 2014; Martin et al. 2003; Mrozik et al. 2006; Walavalkar & Bapat 2001) .
Bacterial lipases are used extensively in the food and dairy industry for the hydrolysis of milk fat, cheese ripening, flavor enhancement and lipolysis of butter fat and cream (Hasan et al. 2006) . Lipases are also used in the detergent, textile, cosmetic, pulp and paper industries (Hasan et al. 2006; Sharma et al. 2001; Sirisha et al. 2010) . In addition, these enzymes are used in the synthesis of biodiesel (Noureddini et al. 2005) and in the pharmaceutical industry (Higaki & Morohashi 2003) . In Thailand, there are many kinds of fermented fish that are consumed daily, such as Nam-pla (fish sauce), Tai-pla (fermented fish entrails), Kee-dee (fermented three spot gourami fish (Trichopodus trichopterus) entrails), Koeypla (fish paste) and Pla-ra (fermented fish) (Tanasupawat & Komagata 2001) . Many microorganisms are found in fermented fish products that can produce extracellular lipases that catalyze the hydrolysis of triacylglycerols to glycerol and free fatty acids, including low molecular weight volatile fatty acids, such as acetic acid, propionic acid and butyric acid (Fukami et al. 2002) . These later components are associated with the aroma and flavor in fermented fish products (Camacho et al. 2009 ). The aim of this research was to isolate, identify and screen the lipase activity of halophilic bacterial strains from Thai fermented fish products.
MATERIALS AND METHODS

SOURCES AND ISOLATION METHODS
Four fermented fish samples, comprised of two Koeypla (Fish paste) samples collected from Mueang and Cha-uat district, Nakhon Si Thammarat province, one Kee-dee (Fermented three spot gouramifish (Trichopodus trichopterus) entrails) and one Tai-pla (Fermented fish entrails) sample collected from Mueang district, Nakhon Si Thammarat province, Thailand were used for the isolation of bacteria (Table 1) . Bacterial strains were isolated by the spread plate technique using 1 g of the respective fermented fish sample diluted in 99 mL JCM no. 377 medium solution. This was then 10-fold serially diluted with JCM no. 377 medium solution and 0.1 mL of each dilution was spread per JCM no. 377 agar plate and incubated at 37°C for 48-72 h. Colonies which showed a different appearance were pick up and then were transferred to JCM no. 377 slant.
PRIMARY SCREENING OF LIPASE ACTIVITY
All of the isolated halophilic bacteria were screened on lipolytic agar (Barrow & Feltham 1993) composed of 1% (w/v) peptone, 0.01% (w/v) CaCl 2 .2H 2 O, 2% (w/v) agar and 1% (v/v) of one of tributyrin, Tween 20, Tween 40, Tween 60 or Tween 80 supplemented with 5% (w/v) NaCl and incubated at 37°C for 3-7 days. Isolated halophilic bacteria colonies that showed an opaque zone around the colony (potentially positive for lipase activity) were selected for further study.
DETERMINATION OF LIPASE ACTIVITY
The selected isolates were cultivated in complex medium (CM; comprised of (g/L): casein peptone 7.5; yeast extract 10.0; sodium citrate 3.0; MgSO 4 .7H 2 O 20.0 and KCl 2.0; FeSO 4 .7H 2 O 0.01; plus 5% (w/v) NaCl pH7.0) for 48 h at 37 o C for lipase production. The lipase activity was determined in the post-culture CM using p-nitrophenylpalmitate (p-NPP) as the substrate according to Li et al. (2014) , with some modifications. The substrate p-NPP was dissolved in 2-propanol and then mixed with 9 mL of Tris-HCl buffer (10 mM, pH8.0) to a final concentration of 1 mM. After pre-incubation for 5 min, the reaction was initiated by the addition 0.5 mL of the appropriately diluted enzyme solution (cell free culture medium) to 0.5 mL of substrate solution, and incubated at 60°C for 1 h. The reaction was then stopped by the addition of 1 mL of NaHCO 3 solution (0.1 M) and the amount of p-nitrophenol (p-NP) released was determined from the absorbance at 405 nm against a blank. One unit (U) was defined as the amount of enzyme liberating 1 μmol of p-NP per minute under the standard assay conditions.
IDENTIFICATION METHODS PHENOTYPIC CHARACTERIZATION
The morphological and cultural characteristics were determined as previously described (Barrow & Feltham 1993; Leifson 1963; Namwong 2005) . The isolates were cultivated on JCM no. 377 agar plates containing 5% (w/v) NaCl at 37 °C for 2-3 d and then examined for the colony and cell characteristics, such as the color and shape of colonies and the shape, motility and Gram staining of the cells. Acid production from carbon sources was evaluated in marine oxidation-fermentation medium as described (Leifson 1963) . The hydrolysis of gelatin, starch and arginine by each isolate was determined (Barrow & Feltham 1993) , as was its ability to grow in different salinity (0, 1, 3, 5, 7, 10, 15 and 20% (w/v) NaCl), pH (4-9.5, interval of 0.5) and temperature (20, 25, 30, 40 and 45°C) levels. The 16S rRNA gene fragment was amplified by polymerase chain reaction (PCR) as previously described (Yamada et al. 2000) . The PCR products were resolved and checked by gel electrophoresis in comparison with a 1 kb DNA marker. The PCR products were sent to Macrogen, Korea for commercial sequencing using the 20F (5'-AGTTTGATCCTGGCTC-3') and 1492R (5'-TACGGYTACCTTGTTACGACTT-3') primers. The obtained sequences were checked for homology to known sequences using the standard BLASTn sequence similarity searching program from the web site http://eztaxon-e. ezbiocloud.net/ (Chun et al. 2007) . Multiple alignments of the obtained sequences were performed with the BioEdit program. The neighbor-joining tree (Saitou & Nei 1987) were then constructed using the MEGA 5.2 program (Tamura et al. 2011) , and the confidence value of branches of the phylogenetic tree was determined using the bootstrap analysis (Felsenstein 1981 ) based on 1,000 replications.
RESULTS AND DISCUSSION
Nine potentially different bacterial strains that produced extracellular lipase were isolated from four samples of fermented fish products, which included Koey-pla, Kee-dee and Tai-pla, collected from markets in Thailand (Table 1) . These nine isolates (FN1-8, FN1-10, FN1-13, FN2-3, FN3-7, showed opaque halos of calcium oleateon lipolytic agar when Tween was used (Garcia-Lepe et al. 1997), while they were all negative for the hydrolysis of tributyrin. The isolates showed lipolytic activity in the culture medium when cultivated for 48 h at 37 o C in CM (1.2± 0.06-3.38 ± 0.02 U/mL), CM + 1% (v/v) Tween 20 (1.12± 0.03-2.67± 0.05 U/mL) and CM + 1% (v/v) Tween 80 (1.26 ± 0.02-3.77 ± 0.04 U/mL) (Figure 1 ). The highest lipase activity (3.77 ± 0.04 U/mL) was obtained from the culture medium of isolate FN1-8 (identified as V. dokdonensis, see below) cultured with 1% (v/v) Tween 80. The high lipase activity is based on that Tween 80 that contained esters of oleic acid that are rarely cleaved by esterases, where as Tween 20 is easily hydrolyzed by esterases as it contains esters of lauric acid, a lower chain fatty acid (Kumar et al. 2012) .
The nine isolated bacterial strains products were all Gram-positive bacteria and were divided into the five genera of Corynebacterium, Virgibacillus, Oceanobacillus and Bacillus for the seven rod-shaped isolates and Staphylococcus for the two coccal isolates based on their phenotypic characteristics and 16S rRNA gene sequence analysis (Tables 1 and 2 ). They grew at 25°C and in 0% (w/v) NaCl (w/v), hydrolyzed Tween 40 but not tributyrin. Their differential phenotypic characteristics are presented in Table 2 .
Isolate FN1-13 showed circular and cream colonies, grew in 15% (w/v) NaCl, pH6-9 and at 25-40°C. Based on the 16S rRNA gene sequence (1,373 bp), it was identified as C. variabile (Figure 2 ) from its 99.85% sequence similarity to C. variabile DSM 20132 T (Collins 1987) . Isolate FN1-8 had circular to slightly irregular and milky white colonies, grew in 0-20% (w/v) NaCl, pH 6-9.5 and at 25-45°C. Based on the 16S rRNA gene sequence (1,373 bp), it was identified as V. dokdonensis (Figure 3 ) from its 99.63% sequence similarity to V. dokdonensis T (Yoon et al. 2005) . Isolates FN2-3and FN6-6 had circular and cream colonies, grew in 0-20% (w/v) NaCl (w/v), pH6-9.5 and pH6-9 and at 25-40°C and 25-45°C, respectively. However, based on the 16S rRNA gene sequence (1,424 and 1,406 bp, respectively), they were both identified as V. halodenitrificans (Figure 3 ) from their 99.86% sequence similarity to V. halodenitrificans DSM 
10037
T (Yoon et al. 2005 ). Similar to FN6-6, isolate FN1-10 also had circular and cream colonies, grew in 0-20% NaCl (w/v), pH6-9.5 and at 25-40°C, but based on the 16S rRNA gene sequence (1,390 bp), it was identified as O. (Figure 3 ) from its 99.78% sequence similarity to O. iheyensis HTE 831 T (Lu et al. 2001 ). Isolate FN3-7 had circular and cream colonies, but grew in 0-15% NaCl (w/v), pH 5-9 and at 25-40°C and was identified as B. amyloliquefaciens subsp. plantarum based on its 99.79% 16S rRNA gene sequence (1,436 bp) similarity to B. amyloliquefaciens subsp. plantarum (Niazi et al. 2014) . Isolate FN6-8 had circular and pale yellow colonies, grew in 0-10% NaCl (w/v), pH 6-9 and at 25-40°C and was identified as S. saprophyticus subsp. saprophyticus (Figure 3 ) based on the 99.93% sequence similarity to Staphylococcus saprophyticus subsp. saprophyticus ATCC 15305
T (Hajek et al. 1996) for the 16S rRNA gene sequence (1,429 bp). Isolates FN6-1 and FN6-7also had circular and pale yellow colonies, but grew in 0-7% (w/v) NaCl, at 25-40°C and pH 5-9 and 6-9, respectively. They were both identified as S. saprophyticus subsp. bovis (Figure 3 ) from their 100 and 99.93% sequence similarity to Staphylococcus saprophyticus subsp. bovis GTC843
T (Hajek et al. 1996) for the 16S rRNA gene (1,396 and 1,459 bp, respectively). (Ruiz et al. 2003) , Acinetobacter sp., Bacillus sp., Pseudomonas sp., Burkholderia sp., Proteus sp., Staphylococcus sp. (Gupta et al. 2004) , Geobacillus sp. TW1 (Li & Zhang 2005) , Haloarcula marismortui (Camacho et al. 2009 ), Bacillus sp. strain DVL2 (Kumar et al. 2012) , B. mesenterichs, B. subtilis, B. cereus (Miettinen et al. 2013) and Idiomarina sp. W33 (Li et al. 2014) . These isolates may be involved in the changes in lipid composition during fermentation that enhance the flavor of the fermented fish products. This study is the first report on lipolytic Gram-positive bacteria 
